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Foreword 
 
Concrete is one of the most popular building materials, making it also of concern when 
considering the environmental impact of the construction sector and the associated built 
environment. For example, the construction sector is responsible for over 35% of the EU’s 
waste generation, buildings account for 40% of energy consumed, construction activities 
require a vast amount of resources and cement, being a major component of concrete, 
accounts for 5 to 8% of the carbon emissions. Although concrete performs quite well in terms 
of environmental impact compared to other construction materials, its wide use makes 
sustainability of concrete crucial in minimizing the environmental impact, as can be 
characterized from life cycle assessments. 
The European Union is taking a lead in tackling climate change by the implementation of the 
‘Green Deal’, an ambitious action plan to achieve the climate neutrality of the EU by 2050, 
among which the goal on zero greenhouse emissions by that time. This challenges 
construction companies, design engineers and all stakeholders involved, to act on durability 
and sustainability of buildings and infrastructure. To steer the construction sector further 
towards a more sustainable built environment, amongst others, growing emphasis is emerging 
on: 
• The sustainability performance of construction products and solutions, including the 
possible introduction of secondary raw materials (recycled materials and by-products); 
• The promotion of measures to improve the durability and adaptability of built assets 
in line with circular economy principles for building and infrastructure design and 
maintenance; 
• A more quantified performance assessment of construction technologies over their life 
cycle, e.g. by integrating life cycle assessment in public procurement. 
This vision represent a significant change with respect to just 10 years ago, when the reduction 
of carbon emission was mainly focussed on the optimization of energy performance of 
buildings in terms of design of thermal insulation and heating/cooling systems. Although 
energy performance remains very relevant, also growing emphasis is given on quantified 
durability and sustainability of building materials, looking into the entire life cycle, from 
manufacturing of constituents of building materials and solutions, over longevity of 
structures, up to end-of-life scenarios. Furthermore, this is increasingly considered in a 
framework of circular economy. 
Eco-friendly or circular concrete solutions are investigated widely in view of lowering 
environmental impact, while keeping the high technical performance expected from 
contemporary building solutions. The durability, sustainability and life cycle assessment of 
such emerging solutions is of considerable importance in the framework of the Green Deal or 
similar visions, and highlights the need for engineers skilled in these subjects. This also formed 
the motivation in organizing an introductory training course on durability, sustainability and 
life cycle assessment of concrete structures, which is at the basis of this eBook. 
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This initiative has taken in the framework of the European Training Network on Durable, 
Reliable and Sustainable Structures with Alkali-Activated Materials (DuRSAAM), which 
organized the mentioned training course online on 14 till 17 September 2020. This open 
source book collects the lecture notes by the teachers of this training course and provides 
researchers, building professionals and stakeholders basic insights on the sustainability 
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1. Outline 
Stijn Matthys 
Concrete is a popular and efficient building material. Nevertheless, the durability and 
sustainability of concrete structures cannot be taken for granted, and has a large impact on 
its service life, environmental and economic impact. Given the growing number of concrete 
types, including emerging more eco-friendly concrete mix designs, evaluation of durability and 
assessing sustainability in a life cycle assessment framework, is challenging. 
The information bundled in this eBook is that of a 3-day course, formatted as a training school 
open to researchers, practicing engineers, etc., in fact, for all those who want to obtain 
profound starting knowledge on durability, sustainability and life cycle assessment of concrete 
structures, also in the wider framework of circular concrete solutions. The original training 
course, specifically developed and delivered collaboratively by the DuRSAAM action, was held 
online, summer 2020. A course introduction video, as given at the start of the training course,  
is provided here (time to watch 10 minutes). 
The outline of the teaching material bundled in this book, is as follows: 
➔ “Damage to concrete” (Chapters 2 till 4): 
− Setting the scene on damage to concrete structures & degradation due to 
inappropriate design and errors during casting.  
− Specific concrete degradation mechanisms: volume stability, ASR, acid attack 
and freezing-thawing. 
− Reinforcement corrosion, including further discussion on carbonation. 
➔ “Sustainability” (Chapters 5 till 7): 
− Introduction to sustainable development in the built environment 
− Life cycle assessment applied to building materials 
− Practical exercise on modelling LCA 
➔ “Circular economy” (Chapters 8 till 10): 
− Introduction to circular economy 
− Circular economic modelling 
− Securing the future supply of secondary raw materials 
The aim of the teaching material is to impart basic understanding as well as up-to-date 
knowledge about concrete durability, and life cycle assessment and circular economy for the 
construction sector. The specific learning objectives are as follows: 
✓ Deepen your knowledge on concrete durability (and service life prediction).  
✓ Build knowledge on environmental impact and life cycle assessment aspects. 
✓ Get acquainted with circular economy. 
✓ Being able to recognize the value of circular economy for concrete, as well as the 
difference between sustainability and concrete durability. 
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In short, for the reader of this eBook to grasp today’s emphasis on sustainability and eco-
dimensions of building materials, and concrete in particular. 
For further reading on the teaching material presented in the eBook, reference is made to the 
following literature: 
1. G. De Schutter. (2012). Damage to concrete structures. CRC Press - Taylor & Francis 
Group. ISBN 9780415603881. 
2. K. Scrivener, R. Snellings, B. Lothenbach. (2016). A Practical Guide to Microstructural 
Analysis. CRC Press - Taylor & Francis Group. ISBN 9781138747234. 
3. O. Jolliet, M. Saade-Sbeih, S. Shaked, A. Jolliet, P. Crettaz. (2015). Environmental Life 
Cycle Assessment. Taylor & Francis Group. ISBN 9780429111051. 
https://doi.org/10.1201/b19138. 
4. Ellen MacArthur Foundation. (2019). Completing the Picture: How the Circular 
Economy Tackles Climate Change. www.ellenmacarthurfoundation.org/publications. 
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Setting the scene & deterioration due to inappropriate design and errors during casting 
2. Setting the scene & degradation due to 
inappropriate design and errors during casting 
Stijn Matthys 
In this chapter a brief introduction is given on how to approach damage to concrete structures,  
how to define durability and service life and which practical durability approaches can be used. 
Next, a discussion is provided on how damage to concrete structures can originate from 
inappropriate design and errors during casting. 
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Specific concrete deterioration mechanisms 
3. Specific concrete degradation mechanisms: 
volume stability, ASR, acid attack and freezing-
thawing 
Geert De Schutter 
This chapter highlights damage to concrete structures resulting from actions during the service 
life of the structure. More specifically focus is given to concrete deterioration mechanisms 
related to volume stability, ASR, acid attack and freezing-thawing. The deterioration 
mechanisms are discussed, as well as influencing factors and possibilities for mitigation. 
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Reinforcement corrosion, including further discussion on carbonation 
4. Reinforcement corrosion, including further 
discussion on carbonation 
Marijana Serdar 
This chapter discusses about carbonation and chloride induced reinforcement corrosion, and 
further focusses on the aspect of carbonation. Further to discussing the mechanisms behind 
corrosion and carbonation, special attention is given to the influence of alternative binder 
systems. 
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Introduction to sustainable development in the built environment 
5. Introduction to sustainable development in the 
built environment 
Guillaume Habert 
This chapter presents sustainable development goals, starting at a global level and reflecting 
further on this at the level of the built environment. A discussion is provided on issues typically 
associated in dealing with sustainability indicators, as well as how they are influenced by the 
uncertainty on the service life of construction materials. 
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Life cycle assessment applied to building materials 
6. Life cycle assessment applied to building materials 
Guillaume Habert 
Life cycle assessment is presented as a method to evaluate the environmental impact of 
building materials. Amongst other, the importance of the considered functional unit is 
highlighted, as well as allocation methods. 
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Practical exercise on modelling LCA 
7. Practical exercise on modelling LCA 
Guillaume Habert 
To obtain first hands-on experience with LCA modelling, an exercise is provided. The exercise 
looks into the global warming potential (GWP) per 1 m³ of concrete, comparing ordinary 
Portland cement (OPC) based concrete with alkali-activated materials (AAM) based concrete. 
A video recording with further explanation is provided here (15 minutes to watch). 
The GWP calculation is performed in an exemplary and simplified spreadsheet, assuming some 
tentative inventory data on the constituent materials. Terminology refers to that of AAM 
concrete for which further reference is made to the DuRSAAM eBook ‘Introduction to AAM’. 
 
A link to the spreadsheet is provided here. 
The spreadsheet contains the following subsequent parts: 
• Mix design. This part lists the mix proportions of the 3 concrete compositions which 
are compared. 
• Task 1. In this part the GWP is calculated, accounting for the use of by-products in the 
concrete mix design by means of an economic impact allocation. For the latter, the 
mass and unit price of the by-product versus the main product (the latter generating 
the by-product as a side stream) are of importance. Depending on the entered 
numbers for these parameters different GWP results are obtained, and the influence 
of the economic impact allocation can be noted. 
• Task 2. In this part the GWP is compared with respect to Task 1, assuming that the 
prize of FA would increase by a factor 3. It once more illustrated the impact of prize 
setting on the GWP considering economic allocation. 
• Task 3. In this part the GWP is considered when looking closer into transport distances 
of the by-products. Transport distances have a major impact on GWP and it can be 
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Practical exercise on modelling LCA 
calculated which transport distances are acceptable for the by-products, so not to 
exceed the impact of the reference concrete. 
Outputs of the GWP calculation are visualised in graphs, which are shown at the right-hand 
side of that respective part of the spreadsheet. The unit of the resulting GWP is kg CO2.eq per 
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Introduction to circular economy 
8. Introduction to circular economy 
Birgitte Holt Andersen 
In this chapter an introduction is given on what circular economy is and why it is a popular 
topic these days. An explanation is given into the shift from a linear to a more circular economy, 
the policy framework which can be associated to circular economy and the importance of it for 
the construction sector. 
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Circular Economic modelling 
. 
9. Circular economic modelling 
Birgitte Holt Andersen 
In this chapter circular economic modelling is discussed, addressing the main barriers and 
challenges throughout the value circle to move from a linear to a circular economy. The main 
elements of the model are listed, as well as some results in which this is applied for 2 European 
projects (URBCON and WOOL2LOOP). 
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Securing future supply of secondary raw materials 
10. Securing future supply of secondary raw materials 
Birgitte Holt Andersen 
Secondary raw materials (SRMs) play an important role in some circular economy concepts, 
such as using by-products for AAM concrete (or geopolymer concrete), as researched in the 
DuRSAAM project. The material flows associated to the use of SRM are of importance and 
should be inline with the market dynamics, e.g. will there be enough suitable SRMs to feed the 
production of geopolymer cement in the future? 
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DuRSAAM is a collaborative PhD framework creating a critical mass of experts skilled in 
innovative alkali-activated material (AAM) concrete, as a key enabling technology for a 
sustainable and resilient built environment. AAM technology presents a new generation of 
materials, ideally conceived to respond to the need for more efficient, durable, eco-friendly 
and reliable construction, and utilizing by-product resources as raw materials. Modern 
concrete will be produced with low carbon footprint (CO2 emissions reduced by 80%), lower 
energy consumption and reduced use of primary resources (>1.5 t raw materials are quarried 
per t Portland cement clinker; this will be reduced by >60%), and with an addressable market 
for AAM binders of 5 B€/yr. DuRSAAM answers unmet industry demands, to facilitate 
emerging AAM technology for continued market entry and to unlock its potential in society. 
The consortium brings together 7 academic and 15 non-academic partners, to excel in the 
scientific development and exploitation of AAM concrete, advancing design, modelling and 
practice beyond the state-of-the-art. It holds a unique focus on: (1) today’s concerns of users 
and engineers that the durability and sustainability of AAM concrete is yet insufficiently 
quantified; and (2) provision of an AAM technology for rehabilitation of structures to meet 
the growing demand for renovation, to be developed in parallel with AAM for new concrete 
structures. 
DuRSAAM runs from 2018 till 2023 and delivers world-leading training in this multidisciplinary 
field through 13 PhDs in interrelated aspects of AAM concrete, fibre reinforced high-
performance concrete, and textile-reinforced mortar, as well as sustainability assessment. The 
outcomes will be instrumental in delivering a sustainable future in Europe’s construction 
industry, which is increasingly driven by the growing demand for durable yet cost-effective 
solutions, driving a greater focus on reliable and comprehensive eco-efficient material 
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